This paper summarizes the results of the implementation of the CDM in Argentina during the first period of commitment of the Kyoto Protocol. From a total of sixtyfive projects ideas, forty-four achieved registration under the CDM EB while the rest remained approved at national level (12), under evaluation (2), suspended (5) or rejected (2). Most of the projects focused on the generation of electricity from renewable energy, mainly wind energy and the use of landfill gas and methane for energy. Emissions reductions achieved 33.4% of the expected CERs up to 2012 with strong differences among sectors. Results demonstrated that under the current Argentina's energy policy framework, the income by the selling of CERs covered less than 6% of the incremental costs for renewable energy projects. A sensitivity analysis to evaluate the impact of CDM in the coverage of incremental costs for renewable energy based on the prices of both the energy in the local market and the CER demonstrated that the best conditions would only cover 15% of those costs. The contribution of CDM to technology transfer in Argentina was minor considering that 45% of the projects qualified as type III where technological learning and capacity building were limited at the level of operation and maintenance of a foreign technology. Domestic and external barriers that prevented a better performance of CDM projects in terms of GHG mitigation, technology transfer and the contribution to a sustainable development were also analyzed.
Introduction
The Clean Development Mechanism (CDM) was designed with the two objectives to How to cite this paper: Blanco, G., Córdoba, V., Baldi, R., Fernández, M. and Santalla, E. contribute to local sustainable development in the host country and to assist Annex-I countries to achieve their emission reduction targets in a cost-efficient manner. Many authors have pointed out that the CDM was created under a market design and its contribution to sustainable development was not actually incorporated in this design [1] [2]. The absence of international standards for sustainable development alongside a highly competitive supply side of the CDM worked in favor of the cost-efficient emission reduction objective.
Some authors indicated that the contribution to sustainable development is not well reflected in Certified Emission Reductions (CERs) prices pointing out that while a large part (72%) of the expected CERs during the first commitment period are likely to represent real and measurable emission reductions, less than 1% are likely to contribute significantly to sustainable development in the host country [1] . Particularly in the energy efficiency sector with emphasis in India's situation it has been highlighted that sustainable development and additionality are often assessed in a cursory manner and besides resource conservation, energy efficiency projects do not create much qualitative sustainable development benefits and technology transfer occurred rarely [3] .
It has been observed that CDM is failing in the promotion of sustainable development, most notably by not financing projects that help in the long-term transition of developing country energy sectors towards renewable energy technologies [4] . Industrialized countries' governments and corporations are using the CDM to reduce the costs of complying with their Kyoto targets, searching for least-cost carbon credits.
Therefore, projects that capture or destroy gases with high global warming potentials like methane, nitrous oxide and hydro-fluorocarbons become the most common CDM projects. While renewable energy projects are the most numerous ones, accounting for 41% of all projects, comparing credit volumes is a better way to judge how successfully the CDM has promoted renewable energies. The reason for the CDM as a market mechanism, is not promoting renewable energy projects as these require more investment to produce a carbon credit than most other available options, increasing investment risks and diminishing profits [4] .
It has been pointed out that funds allocated for the mitigation activities under CDM belong mainly to public sector and they are small relative to other flows of foreign investment from developed to developing countries [2] . While other authors indicated that the quality of domestic institutions, internal political stability and efforts to market CDM projects to investors is important for individual countries to secure their share in the CDM market [5] . In the same line [6] agreed that the development of CDM projects is stimulated by favorable economic, social and technical environments in host countries as well as supportive CDM administration. The same author highlighted that for many of the most poorly performing projects, failure is attributable to technical and operational problems at the initial stage of project implementation, which highlights the importance of well-prepared PDDs. It has been reported a strong correlation between a country's CDM performance and its economic conditions which support the market-oriented CDM framework that favors countries with the better economics and investment conditions of which foreign direct investment (FDI) is a very influential factor [7] .
Technology transfer claims for CDM projects have been analyzed by several authors.
The analysis of this issue from a high number of projects (3296 by 2008) founded that 36% of that registered projects (that represented about 59% of the annual emission reductions) claim some technology transfer. About half of them claim transfer of both equipment and knowledge from which 70% was originated from Japan, Germany, USA, France, and Great Britain, being Japan who has the closest relationship between credit purchases and technology supply [8] .
As one of the main goals, CDM was expected to stimulate transfer of climate-friendly technologies [9] . A total of 644 CDM projects were registered up to May 2007, but just in the 50% of these projects international technology transfer took place and included not only transfer of equipment but also transfer of knowledge and operation skills. The main areas in which technology transfer takes place are end-of-pipe destruction of non-CO 2 GHG with high global warming potentials, such as HFCs, CH 4 and N 2 O. In addition, an econometric analysis of the drivers shows that technology transfer in large projects is more likely. Furthermore, the probability of transfer is 50% higher when the project is developed by a subsidiary of an Annex 1 company, however the presence of an official credit buyer has a lower impact that the previous one.
Finally, particular circumstances of developing countries such as regional characteristics, population concentration, scale of projects, cultural issues that may prevent technology transfer in an effective way could be alleviated by creating appropriate regulatory framework that provide incentives to private sectors to invest, develop and implement climate friendly projects [10] . In this context, the assessment of the current Argentina's policy scenario regarding renewable energy promotion will be analyzed in order to value the impact of CDM implementation during the first commitment period.
Until the end of 2012 a total of 44 projects have been registered by the Executive Board (EB) of the United Nations and yet no analysis had been carried out to assess the impact on GHG emission reductions, technology transfer issues, promotion of cleaner technologies, the contribution to sustainable development and the input of the CDM to cover the incremental costs of new technologies.
This paper describes and analysis the results of the implementation of the CDM projects in Argentina, their impact on the contribution to sustainable development, and the GHG emission reductions achieved. It also attempts to explain some barriers under Argentina's scenario that prevented the development of more GHG mitigation projects under this mechanism. 
Results and Discussion

Description of the CDM Projects in Argentina
Based on the information published in the official website of the CDM sixty five GHG mitigation projects were submitted until December 2012. Forty four of them achieved registration at the CDM EB, twelve were approved at national level and are now waiting for registration, five were suspended, two are still under assessment and two were rejected. From the registered projects, eighteen of them were issued CERs (41%). The distribution of the projects according to the different sectors/categories is shown in implemented CDM activities, a first look at the sectors where mitigation activities were achieved resulted similar to Brazilian CDM experience [11] .
With respect to the type of GHG mitigated, 28% correspond to CO 2 (mainly by the substitution of FF) while the rest are non-CO 2 gases in a balanced distribution between methane (52.7% from the capture in landfills and from anaerobic digestion of organic From the total of eighteen methodologies used, 22% corresponds to methodologies for the estimation of emission reductions for grid connected renewable electricity generation in renewable energy projects (ACM0002 and ACM001; AMS.ID and AMS.IIIH).
Four small scale projects applied AMS.IIIH methodology for methane recovery in wastewater treatment coupled with AMS.ID for electricity production or AMS.IC for thermal energy. Energy and Waste sectors applied higher quantity of methodologies, seven and six respectively (Figure 1 between brackets) . The consolidated baseline methodology for grid connected electricity generation from renewable sources ACM0002
was the most applied in the E sector followed by methodologies for small scale projects and the consolidated baseline and monitoring methodology for LFG project activities in the W sector ACM0001 (Figure 4) . From all the applied methodologies 61.1% corresponds to full scale projects from which approximately and half of them (45.5%) applied consolidated methodologies. Within each sector, the percentage of projects that issued CERs was 23%, 62% and 60% for E, W and M sectors respectively and 100% for both, F and AR sectors that implemented each one only one project, both of which delivered CERs.
In the E sector (renewable -non-renewable sources), from twenty two registered projects only five received CERs: two wind energy projects for electricity generation,
two conversion from open to combined cycle, and one biomass combustion for electricity generation achieving FF substitution. The average performance of projects that issued CERs was 26%, varying between 9.2% to 56.0% (both extremes from wind energy projects).
Five GHG mitigation projects were developed and implemented in the M sector:
three of FF substitution (one in cement industry and two in oil refineries), and two of energy efficiency (in cement industry). The mitigation projects in the cement industry belong to small scale while those from oil refineries (energy industry) correspond to full scale. From the three CDM projects that issued CERs in the sector, the performance achieved was 49%, varying between 8.5% (a FF substitution project in oil refinery) and 103% (a FF substitution project in a cement industry).
In the W sector, seven from the eight of the registered projects that issued CERs mitigated methane through the capture and flaring of LFG, two of which also mitigated CO 2 through the electricity generation supplied to the national grid. Only one project issued CERs through the avoidance of methane. While eight out of the thirteen registered projects in the Waste sector achieved certifications, considering the seven LFG projects, the performance in terms of the ratio between expected and actual LFG collection varies from 4.3% to 53.4%. The average for the sector (28%) agreed with several studies carried out by different authors. A document from UNEP [12] pointed out that from 92 LFG projects in the CDM pipeline only 45% have successfully issued CERs). It has been reported that waste projects performed worst in terms of CER issuance, with only 31% of issued CERs. Authors pointed out that overestimations in the waste growth or in the landfill gas generation models, problems linked to management and operation of MSW disposal sites, and monitoring difficulties are the responsible factors of these results [13] . Along the same line, it has also pointed out that many LFG projects have faced real problems to deliver CERs. On average, LFG projects have only certified 31% of the expected CERs, highlighting that many factors influence performance being the regulatory framework and EB decisions only some of these [14] . The authors explained that in 2008, two requests for CER issuance from LFG flaring/energy projects were rejected and another two requests were withdrawn as the EB doubted that the realized discrete measurement of methane fraction of the LFG were in line with the methodology. This meant that a quarter of all issuance requests for LFG projects in 2008 were not successful due to problems in the measurement of the methane fraction.
The best performances from individual projects were achieved in M sector with the mitigation of CO 2 in cement production (103% of the expected CERs) followed by the avoidance of methane in the W sector (95%) and the capture, storage and decomposition of HFC 23 (63%).
Analysis of CDM Contribution to Technology Transfer
Four main conditions to establish technology transfer have been proposed, that were: 1) foreign origin, 2) novelty, 3) capacity building and 4) improvement of performance in terms of GHG mitigation [15] . While others applied more stringent criteria and described three types of technology transfer [16] :
Type I: a host country develops a specific technology for a CDM project with the collaboration of a foreign entity.
Type II: a technology import accompanied by a host country contribution of effort to improve or adapt the imported technology.
Type III: an import of technology or equipment accompanied by training to the local entity to operate and perform maintenance of imported technology.
Based on these two approaches, technology transfer in twelve Argentinean CDM of LFG capture projects were analyzed by using the four conditions mentioned above and the capacity building criteria [17] .
It has been highlighted that equipment imports alone are not considered to be a technology transfer, unless such imports are accompanied by the building of technological capability such as training by foreign entities on operation and maintenance of the imported technology [18] . As an example, under these criteria, authors pointed out that CDM has produced a negligible number of projects that promote technology transfer in India. The importance of developing cleaner technologies that reduce production costs instead of CDM projects that solely promote end-of-pipe practices has been emphasized [4] .
In the present study, technology transfer through CDM was analyzed considering: for which the host country entity developed a technology in collaboration with a foreign entity ( Figure 6 ). According to several authors [19] [20], the definition of sustainable waste management is applied to integrated waste management in order to enhance and apply preventive waste management strategies that reduce, and preferably eliminate the waste problem. Most of CDM projects in the W sector were focused in the capture of methane from landfills for flaring and for electricity production, in the methane capture in wastewater for thermal/electric energy, and only one project in the avoidance of methane. At the level of Municipal Solid Waste (MSW) management, CDM projects did not contribute to promote activities to prevent waste generation, recycling practices or the introduction of cleaner technologies to improve leachate management in landfills. In fact, the certifications achieved represented a measure of the methane capture rather than the improvement of the waste management systems considering that landfill is at the bottom of most hierarchies of waste management; something that should be reviewed in future carbon market mechanisms.
Regarding the consulting services for the development of CDM projects, the analysis of the forty four registered projects indicated that only ten have been developed with local human resources (23%); the rest were elaborated by foreign companies such as EcoSecurities (Brazil, United Kingdom), Van 
Description of the Policy Framework for the Development of Renewable Energy in Argentina
Regional characteristics, technical and institutional capacities, regulatory frameworks, and cultural particularities in developing countries prevent the transfer of technologies from developed countries and the private sector. This could be alleviated, to certain extent, by the creation of enabling environments that can mitigate the barriers to invest, develop and implement climate friendly projects [10] . These barriers were analyzed during the Technology Needs Assessment (TNA) carried out in Argentina in 2012 [21] .
The TNA report revealed that in the E sector, the main barriers for the development of renewable energy and the implementation of prioritized technologies are the regulatory framework of the electricity market and the distorted prices of electricity and natural gas due to the heavy subsidies applied. In the W sector, where technologies for electricity production were prioritized, a hardly controlled energy sector with monopolies and restrictions for private and independent electricity generation were identified as the main barrier to advance in the production of electricity based on renewable resources In this context, the potential impact of the CDM was investigated in order to assess whether this mechanism could be a driving force to the promotion of cleaner technologies under the current Argentina's framework on renewable energies. The objective of this analysis was to determine the fraction of the incremental costs of a renewable energy project under the GENREN that could be covered by the CDM. Obtained from the value of energy generated (MWh) and the emission factor of the public grid of electricity generation for the year 2012, official value annually updated by the Secretary of Energy http://energia3.mecon.gov.ar/contenidos/verpagina.php?idpagina=2311. For year 2012 the EF was 0.479 tCO 2 e/MWh. For biofuels, the assumption was that they reduce only 30% of grid emission factor; summarizes the input data used for the calculation of this fraction for the generation of electricity through wind, mini-hydro, solar-PV and biofuels.
In order to calculate the cash flow for each project, a lifetime of 15 years and an annual discount rate of 7% were assumed. The incremental income from the selling of energy was calculated from the amount of energy expected for each renewable energy (Table 1) by the difference between de price of the energy proposed under GENREN Program (Table 1 ) and the price of energy in the current spot market that is 30 U$S/ MWh (CAMMESA as administrator of spot market [22] ).
The income by the selling of CERs were estimated based on a CER price of 12 U$S/tCO 2 e considering the top price before its downward trend [23] . Table 2 detailed the results of the cash flows applied and the fraction of the CDM contribution to the incremental costs from the implementation of each one of the renewable energy proposed in the GENREN Program (CDM validation, registration and transaction costs were not account in this preliminary analysis).
The fraction of the incremental costs covered by CERs resulted less than 6% for any of the renewable energies included in GENREN I.
A sensitivity analysis on the influence of both, the price of the energy in the baseline scenario and the price of CER was carried out in order to know the best combination that contribute to widespread the electricity production based on renewable energy. When the analysis is carried out independently of the offered price under the GENREN Program by using the ratio between the income by CERs and the LCOE the fractions remains very low as can be observed from figures in the last column of Table   2 . This ratio was calculated from the levelized cost of energy (U$S/MWh) based on the annuity (U$S/year) divided by the annual energy produced (MWh/year) and the price that CDM pays by kWh of renewable energy produced (obtained from the emission factor of the grid times the price of CER).
The previous analysis did not include the costs involved in the CDM project cycle, and the fact that most DOEs do not have offices in Argentina.
Conclusions
From this assessment on the implementation of the CDM projects in Argentina, several conclusions can be attained in relation to the two main goals of the CDM: "… to assist
Parties not included in Annex I in achieving sustainable development and in contributing to the ultimate objective of the Convention, and to assist Parties included in Annex I in achieving compliance with their quantified emission limitation and reduction commitments under Article 3" of the Kyoto Protocol.
Firstly, on the mitigation side, most of the projects implemented delivered less emission reductions than expected. The reason for this can be found in multiple aspects both domestic and external.
Among domestic aspects that undermined the performance of the projects are technical and institutional capabilities as well as the lack of a robust regulatory framework for many project activities, mainly those related to electricity generation. In some cases, the lack of financial capabilities to address initial investments and the need to import technologies added to the overall burden. Several external aspects that negatively influenced the projects' performance, real or apparent, were also found. Among these are the methodologies that overestimate the amount of emission reductions to be achieved by the projects. This initial overestimation led to wrong economic evaluation and analysis of the projects with negative consequences such as the discontinuation of project activities in the worst cases.
Other external aspects that influenced the performance of projects, although indirectly, were the conditions established in the contracts for the purchasing of CERs, including the CER price.
Finally, the complexity of the project cycle together with the verification and certification of emission reductions did not contribute to the performance of the projects.
Secondly, the contribution to sustainable development of CDM projects in Argentina was very little. Projects activities did not contribute substantially to the development or transfer of technologies in any of the sectors involved. In some cases the necessary hardware was imported but not the know-how. In other cases technologies were developed locally, as for the capture of landfill gas, but a domestic market for such equipment has yet to be developed.
Due to the domestic and external factors described, the CDM project activities did not expand across the sectors and, as a consequence, none of these sectors have changed its common practices.
In relation to the financial contribution of the CDM in Argentina, the figures shown in Table 1 and Table 2 Several aspects should be considered for a future carbon market. In the first place it should be considered whether a GHG emissions offset mechanism is longer appropriate vis-a-vis the need for deep emissions reductions to be achieved globally, including in developing countries. A non-offset mechanism where countries involved can buy and sell GHG emission reductions could avoid the discussion about whether a project activity contributes to sustainable development or the necessary discussion about whether the financial flows under the current CDM could be considered part of the climate financial support as described in the UNFCCC.
